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 Introduction 
In line with a global trend towards naturally occurring 
agents, probiotics have increasingly got more attention. 
“Probiotics  are  live  microorganisms  (bacteria  or 
yeasts),  which  when  ingested  or  locally  applied  in 
sufficient  numbers  confer  one  or  more  specified 
demonstrated health benefits for the host”.
1 Their most 
important  benefits  are  categorized  as  maintenance  of 
normal  intestinal  microflora,
2  defense  against 
enteropathogen  infections,
3  controlling  serum 
cholesterol levels,
4 improving lactose intolerance,
5 and 
possessing  anticarcinogenic  and  antimutagenic 
activities.
6 
To get the potential benefits of probiotics they should 
safely transit through acidic and enzymatic conditions 
of gastric tract and colonize and grow on the epithelium 
of  colon  in  appropriate  population.
7  According  to 
FAO’s  guideline,  probiotics  should  present  at  their 
active  site  in  a  minimum  count  of  10
6-7  CFU/g  or 
ml.
1To  reach  such  viability  different  strategies  have 
been employed so far. In this regard encapsulation of 
probiotics  in  wide  variety  of  polymers  is  the  most 
frequently  applied  method  that  is  cited  in  numerous 
studies.
8 
Alginate,  a  commonly  used  material  to  encapsulate 
probiotics, is a naturally occurring biocompatible and 
biodegradable  linear  anionic  polysaccharide. 
Preparation of alginate bead, with well retained bacteria 
in  their  matrix,  can  be  easily  achieved  by  simple 
techniques  like  extrusion  or  emulsion  methods.
9  In 
spite  of  the  wide  application  of  calcium  alginate 
microcapsules in this area, there are not any common 
agreement  about  the  conditions  used  and  various 
protocol in this regard have been published so far.
10 
The objective of this work was to evaluate the effect of 
the  most  important  parameters  in  the  preparation  of 
calcium  alginate  beads  including  ALG  concentration, 
CaCl2 concentration as well as hardening time on the 
size,  morphology,  encapsulation  efficiency  (EE)  and 
acid viabilities of Lactobacillus acidophilus.  
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Purpose: This article describes preparation and characterization of beads of alginate 
containing  probiotic  bacteria  of  Lactobacillus  acidophilus  DMSZ20079.  Methods: 
Fourteen formulations using different alginate (ALG) and CaCl2 concentrations as well 
as hardening times were prepared using extrusion technique. The prepared beads were 
characterized  in  terms  of  size,  morphology,  encapsulation  efficiency  and  bacterial 
viabilities  in  acid  (pH  1.8,  2 hours)  condition.  Results:  The  results  showed  that 
spherical beads with narrow size distribution ranging from 1.32±0.04 to 1.70±0.07 mm 
were  achieved  with  encapsulation  efficiency  higher  than  98%.  Surface  response 
analysis revealed that alginate concentration was the important factor for the size, shape 
and encapsulation efficiency of prepared beads. Furthermore, survived bacteria after 
acid exposure in all prepared beads (63-83%) were significantly higher than those of 
untreated  cells  (39%)  and  enhanced  by  increasing  alginate  concentration.  Surface 
response  analysis  revealed  that  the  effect  of  all  three  factors  of  alginate  and  CaCl2 
concentrations as well as hardening times were significant in acid viability, however 
alginate  concentration  played  the  most  important  role  according  to  its  regression 
coefficient.  Conclusion:  Among  alginate  and  CaCl2  concentrations  as  well  as 
hardening times, alginate concentration was the most variable in the characteristics of 
Alginate beads.  
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Materials and Methods 
Materials 
L. acidophilus DSMZ20079 was obtained from DSMZ 
(Germany), pepsin, pancreatin, sodium alginate, MRS 
broth  and  MRS  agar,  sodium  hydrogen  phosphate, 
calcium chloride, sodium  hydroxide and  hydrochloric 
acid from Merck (Germany). 
 
Methods 
Preparation of inoculum 
L. acidophilus was cultured in MRS broth at 37°C for 
18  hours.  Culture  was  harvested  by  centrifugation  at 
700 RCF at 4°C for 7 min and washed twice with saline 
and collected by centrifugation as above. The washed 
bacterial cells were resuspended in 7 ml saline and the 
cell count was determined using pour plate technique in 
MRS agar in triplicate. The cell suspension divided in 
some equal parts and consequently was used to prepare 
different formulations.  
 
Preparation of beads 
The  extrusion  technique  was  used  to  prepare  ALG 
beads.
11  Sodium  alginate  solution  sterilized  at  121°C 
for  15  min.  The  cooled  ALG  solution  (20  ml)  were 
mixed with bacterial inoculum and gently stirred for 30 
min  to  obtain  a  homogeneous  suspension.  The 
suspensions were extruded dropwise through a 27 gage 
nozzle  into  sterile  hardening  solution  (CaCl2).  The 
beads  were  shaken  at  150  rpm,  isolated  by  aseptic 
filtration  (Whatman  No.1),  washed  twice  with  sterile 
water, and kept in 0.1% w/v pepton solution at 4°C. 
The prepared formulations are shown in Table 1. 
 
Table 1. Compositions of the studied formulation 
Formulation  A1  A2  A3  A4  A5  A6  A7  A8  A9 
ALG Conc. %w/v  1  1  1  1  1  1  1  1  1 
CaCl2Conc. % w/v  1  2  4  1  2  4  1  2  4 
Hardening time (min)  15  15  15  30  30  30  60  60  60 
Formulation  A11  A12  A13  A14  A15  A16  A17  A18  A19 
ALG Conc. %w/v  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5  1.5 
CaCl2Conc. % w/v  1  2  4  1  2  4  1  2  4 
Hardening time (min)  15  15  15  30  30  30  60  60  60 
Formulation  A21  A22  A23  A24  A25  A26  A27  A28  A29 
ALG Conc. %w/v  2  2  2  2  2  2  2  2  2 
CaCl2Conc. % w/v  1  2  4  1  2  4  1  2  4 
Hardening time (min)  15  15  15  30  30  30  60  60  60 
Formulation  A31  A32  A33  A34  A35  A36  A37  A38  A39 
ALG Conc. %w/v  2.5  2.5  2.5  2.5  2.5  2.5  2.5  2.5  2.5 
CaCl2Conc. % w/v  1  2  4  1  2  4  1  2  4 
Hardening time (min)  15  15  15  30  30  30  60  60  60 
 
Size and morphological analysis 
The particle size of beads was assessed using optical 
microscopy  (Dino-lite,  Taiwan)  by  Scion  image 
analyzer software. Data were collected from 60 beads 
in each sample and mean particle size was reported.  
Aspect Ratio= Major axis / Minor axis. 
 
Encapsulation Efficiency (EE) 
To  determine  the  encapsulation  efficiency,  firstly 
prepared  beads  were  mechanically  disintegrated  in 
phosphate  buffer  (pH=6.8),  then  the  number  of 
entrapped cells after adequate dilution were measured 
by  pour  plate  method  and  counts  were  expressed  as 
number of colony forming units (CFU), and calculated 
as: 
EE=(Log 10N /Log 10N0) ×100 
Where  N  is  the  number  of  viable  entrapped  cells 
released from the beads, and N0 is the number of free 
cells  added  to  the  biopolymer  mixture  immediately 
before the production procedure. 
 
Viability of encapsulated and free L. acidophilus at 
simulated gastric pH condition 
Low pH conditions was produced using 9g/L sodium 
chloride and 3.0 g/L of pepsin and pH adjusted to 1.8 
with hydrochloric acid.
12 100 mg beads with entrapped 
bacteria or 0.1 ml of cell suspension were mixed in 20 
ml of acid solution and incubated for 120 min at 37°C 
with  constant  agitation  at  50  rpm.  After  incubation, 
beads were disintegrated in phosphate buffer (pH=6.8), 
then 1.0 ml aliquot of the mixture removed and assayed 
using pour plate method.  
The  survival  (%)  of  the  bacteria  was  calculated  as 
follow:  
%Survival=(log CFU/g beads after 2 hours exposure to 
acidic condition/ log CFU/g beads initial count) × 100.  
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Statistical analyses 
Statistical testing was carried out using SPSS19. All of 
the experiments were performed in triplicates. Data are 
presented as mean ± SD. The One Way ANOVA test 
was  performed  to  assess  the  difference  between 
different  beads  and  control  groups  and  P  <  0.05 
considered as a statistically significant difference. Also 
surface response analysis using Minitab 16 software to 
evaluate the impact of each parameter in the responses 
was applied.  
 
Results and discussion  
Size and morphology of prepared beads: 
In the present study  using different concentrations  of 
ALG (1 to 2.5% w/v), CaCl2 as hardening solution (1 to 
4% w/v) as well as hardening time (15 to 60 min) beads 
prepared by extrusion method (Figure 1) and the effect 
of  these  parameters  on  the  size,  morphology, 
encapsulation  efficiency  and  acid  viability  were 
examined.  The  results  are  shown  in  Table  2. 
Furthermore  response  surface  plots  to  analysis  the 
impact of ALG, CaCl2 and hardening time on the size 
and aspect ratio was depicted in Figures 2,3 and Tables  
3,4. 
As  can  be  seen  from  Table  2,  beads  ranging  from 
1.32±0.04 to 1.70±0.07 mm were achieved. The mean 
diameters  of  beads  were  significantly  increased  by 
increase in the concentration of alginate (p<0.05) that 
can be attributed to the viscosity of the resultant gel. 
According to the studies in this regard, an increase in 
the viscosity of the starter gel leads to the preparation 
of  bigger  beads  by  the  extrusion  method.
7  However, 
CaCl2  concentration  and  hardening  time  had  no 
significant  effect  on  the  size  and  aspect  ratio  of 
prepared beads (p>0.05).  
 
Figure 1. light microscopy pictures of A1 (a); A11 (b); A21 (c)beads at a magnification of 45. 
 
Table 2. Size, aspect ratio, encapsulation efficiency and % survival in acid condition of prepared formulations 
Formulation  A1  A2  A3  A4  A5  A6  A7  A8  A9 
Size (mm)  1.35±0.07  1.37±0.05  1.32±0.04  1.34±0.01  1.34±0.01  1.37±0.03  1.35±0.06  1.34±0.04  1.36±0.04 
Aspect Ratio  1.02±0.02  1.04±0.03  1.04±0.07  1.05±0.04  1.10±0.06  1.08±0.04  1.06±0.06  1.05±0.06  1.05±0.05 
%EE  99.87±0.75  99.94±1.03  100.18±0.79  100.21±0.69  99.98±0.45  99.92±0.70  99.98±1.05  101.23±0.52  100.31±0.84 
%Acid Viability  63.5±0.76  65.7±0.47  66.2±1.28  66.9±0.60  67.6±0.43  67.0±0.81  67.0±0.25  67.8±0.52  67.6±0.09 
Formulation  A11  A12  A13  A14  A15  A16  A17  A18  A19 
Size (mm)  1.35±0.07  1.37±0.03  1.38±0.04  1.39±0.06  1.37±0.06  1.4±0.05  1.36±0.04  1.36±0.07  1.39±0.06 
Aspect Ratio  1.04±0.01  1.03±0.03  1.01±0.02  1.01±0.01  1.05±0.02  1.04±0.05  1.02±0.03  1.03±0.01  1.03±0.04 
%EE  99.38±0.80  98.90±0.27  99.51±0.75  99.76±0.22  98.90±0.70  98.90±0.67  99.16±0.50  99.24±0.39  99.38±0.80 
%Acid Viability  66.24±1.58  68.00±1.36  68.16±1.37  70.50±0.40  71.87±0.51  72.31±0.38  73.59±0.99  73.89±0.62  74.23±0.39 
Formulation  A21  A22  A23  A24  A25  A26  A27  A28  A29 
Size (mm)  1.42±0.06  1.40±0.03  1.45±0.03  1.41±0.07  1.40±0.06  1.41±0.02  1.44±0.09  1.42±0.06  1.43±0.04 
Aspect Ratio  1.05±0.01  1.04±0.04  1.02±0.02  1.05±0.04  1.03±0.03  1.01±0.01  1.06±0.04  1.07±0.03  1.05±0.02 
%EE  99.30±0.35  99.30±1.02  99.24±0.70  99.06±0.07  100.07±0.62  99.17±0.47  98.92±0.55  99.38±0.81  99.30±0.35 
%Acid Viability  73.1±1.49  74.6±2.14  74.3±2.46  78.4±1.19  79.3±0.73  80.4±0.61  81.2±1.12  81.0±1.17  81.3±1.27 
Formulation  A31  A32  A33  A34  A35  A36  A37  A38  A39 
Size (mm)  1.61±0.08  1.61±0.06  1.70±0.07  1.65±0.08  1.68±0.09  1.65±0.07  1.64±0.05  1.65±0.09  1.67±0.08 
Aspect Ratio  1.03±0.02  1.10±0.05  1.09±0.04  1.06±0.05  1.08±0.02  1.07±0.04  1.11±0.05  1.07±0.06  1.10±0.06 
%EE  99.87±0.75  99.94±1.03  100.18±0.79  100.21±0.69  99.98±0.45  99.92±0.70  99.98±1.05  101.23±0.52  100.31±0.84 
%Acid Viability  75.4±1.35  76.5±1.44  76.4±0.85  78.8±0.50  80.3±0.27  80.2±0.91  81.1±1.05  82.5±0.67  83.0±0.43 
   
a  b  c  
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Figure 2. Contour Plot of size (mm) vsCaCl2Conc. % w/v; ALG Conc. %w/v. 
    
Figure 3. Contour Plot of Aspect  RatiovsCaCl2Conc. % w/v; ALG Conc. %w/v. 
   
Table 3. Response Surface regression:  Size (mm) 
vsCaCl2Conc. % w/v; ALG Conc. %w/v. 
P value 
Regression 
coefficient 
Parameter 
0.013  0.00589  Alginate conc. 
0.00  0.02391  Alginate conc.*Alginate 
0.308  0.00198  CaCl2 Conc. 
R2 = 87.24% 
Table 4. Response Surfaceregression: Aspect ratio 
vsCaCl2Conc. % w/v; ALG Conc. %w/v. 
P value 
Regression 
coefficient 
Parameter 
0.010  -0.141250  Alginate conc. 
0.00  0.0425000  Alginate conc.*Alginate 
0.290  0.00129032  CaCl2 Conc. 
R
2 = 86.92%  
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Alginate  as  a  linear  polymer  composed  of  d-
mannuronic  (M)  and  l-guluronic  (G)  acid.
13  The 
characteristic  of  the  resultant  polymer  is  strongly 
dependent  on  the  source,  the  composition  and  the 
sequence  in  l-guluronic  acid  and  d-mannuronic  acid. 
Generally  divalent  cations  such  as  Ca
2+  bind 
preferentially to the monomer of l-guluronic acid. As a 
result, properties of beads made of polymers with low 
G content are less dependent on CaCl2 concentration. 
The alginate source used in this study was rich in M 
content (M/G ratio 1.56) so almost insusceptibility of 
bead  preparation  to  the  CaCl2  concentration  and 
hardening  time  can  be  attributed  to  low  G  content. 
Furthermore  narrow  range  of  size  distribution  was 
observed  for  all  prepared  beads  and  no  significant 
differences in size (P > 0.05) were observed between 
beads contained or not L. acidophilus loads. 
 
Encapsulation efficiency  
The  results  of  encapsulation  efficiencies  for  the 
prepared beads are shown in Table 2. The initial cell 
count  of  L.  acidophilus  before  bead  preparation  was 
8.82 ± 0.09 log CFU/mL. High bacterial cell entrapping 
in the range of 8.65 ± 0.07 to 8.99 ± 0.09 (log CFU/g 
beads) was achieved in resultant beads (Table 2). The 
results  pertaining  to  EE  indicated  that  there  was  no 
considerable loss of viability for all prepared beads and 
more than 98.9% cells for all beads were successfully 
entrapped  that  can  be  due  to  the  gentle  method 
applied
10  Also  response  surface  plots  to  analysis  the 
impact  of  ALG,  CaCl2  and  hardening  time  on 
encapsulation efficiencies was depicted in Figure 4 and 
Table 5. 
 
 
Figure 4. Contour Plot of % Encapsulation Efficiency vs 
a)CaCl2Conc. % w/v; ALG Conc. %w/v and b)ALG Conc %w/v.; Hardening time (min). 
 
According to the contour plots and as a same manner 
with size and aspect ratio, alginate concentration was 
the  only  significant  factor  with  a  direct  effect.  By 
increasing in the alginate concentration, EE increased 
a 
b  
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that can be due to the stiffer structure of prepared beads 
using  higher  alginate  concentrations.  In  fact,  in  firm 
calcium  alginate  structure,  the  number  of  bacteria 
entrapped in the alginate network increased leading to 
the  higher  EE.
14  However,  the  impact  of  CaCl2 
concentration  and  hardening  time  remained 
meaningless  that  can  be  attributed  to  our  alginate 
source structure as discussed in section 3.1. 
Table 5. Response Surfaceregression:  % Encapsulation 
Efficiency vsCaCl2Conc. % w/v; ALG Conc. %w/v.; Hardening 
time (min). 
P value  Regression 
coefficient  Parameter 
0.00  0.7993  Alginate conc.(w/v) 
0.184  0.1355  CaCl2 Conc.(w/v) 
0.716  0.0367  Hardening Time (min) 
R
2 = 62.56% 
 
Viability  of  free  and  encapsulated  bacteria  in  acid 
conditions 
The protective effects of different coats of ALG after 2 
hours  exposure  to  acid  conditions  (pH=1.8)  are 
compared to untreated cells and results are expressed as 
% survival in Table 2.  
As can be seen, around 39% survival of untreated  L. 
acidophilus  after  acid  exposure  for  2  hours  was 
achieved.  On  the  other  hand,  in  our  prepared  beads 
after 2h acid exposure, more than 63% survival in all 
formulations  was  observed.  Overall,  it  is  clear  that 
survived  bacteria  after  acid  exposure  in  all  prepared 
beads were significantly (P < 0.05) higher than those of 
untreated cells. It can be concluded that coating of the 
bacteria as ALG beads can improve the viability of L. 
acidophilus  in  that  condition.  There  are  numerous 
studies  with  controversial  results  in  this  regard  to 
protect probiotics by encapsulation in alginates beads 
using  different  techniques.
15  In  some  cases,  the 
investigations support our finding about the ability of 
ALG  coat  in  protection  of  bacteria  in  acid 
conditions.
14,16,17  However  others  found  that 
encapsulation  of  bacteria  in  alginate  beads  did  not 
effectively protect the organisms from high acidity.
18 
Moreover response surface plots to analysis the impact 
of ALG, CaCl2 concentrations and hardening time on 
the viability of the bacteria were depicted in Figure 5 
and Table 6. 
 
 
Figure 5. Contour Plot of % Acid viabilityvsa) CaCl2Conc. % w/v; ALG Conc. %w/v, and b)ALG Conc. %w/v; Hardening time (min). 
 
a 
b  
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As  can  be  seen  from  the  plots  the  impact  of  ALG, 
CaCl2 concentrations and hardening time are significant 
on  the  viability;  however,  based  on  the  regression 
coefficient, the effect of alginate (regression coefficient 
=6.98) is more obvious in this response when compared 
to hardening time (regression coefficient =2.7) or CaCl2 
concentration (regression coefficient =0.6) . It can be 
said  that  increase  in  the  concentration  of  alginate 
leading  to  increase  in  the  viscosity  of  alginate  and 
consequently increase in the size of obtained beads as 
the protective layer for bacteria.
16  
 
Table 6. Response Surface regression:  %Acid 
ViabilityvsCaCl2Conc. % w/v; ALG Conc. %w/v; Hardening 
time (min) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Contour Plot of %EE; %Viability; Aspect Ratio; Size (mm) vsALG Conc. %w/v; hardening time (min). 
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